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. FOREWORD

Gz ta,

During the late 1950's, these Laboratories developed an armor ensemble
to provide protection for mine clearance trcops against the effects of anti-
personnel mines. The development was successfully completed in that iU satis-
fied all requirements as known at that time. However, advances in auii-personnel
mines dictated the need for more sophisticated mine clearance techniques which
would reduce the hazards to the mine clearance team, thereby negating the need
for total body coverage mine clearance armor.

' Since the termination of the mine clearance srmor program, these Labora-
' tories have received numerous inquiries regerding the availability of armor
for total body coverage. These inquiries were from diverse sources for a
. variety of uses. The proposed uses for full coverage body armor ranged from
. wear by munitions handlers to tactical missions by the military, by law

enforcement agencies for bowb squad and riot control details, and for
industrial safety clothing.

- This report reviews the development of the full coverage armor ensemble
. for mine clearance personnel, highligliting the factors influencing the seleac-
. tion cf material, eshtablishment of hody area priorities and design. This
. information is presented so that succeeding develepers and users of armor

) will benefit from the engineering and design experience compiled by the
{ U, S. Army Natick Laboratories.
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ABSTRACT

Mine clearance teams heve always tried to adapt availsble armor clothing
to their operstions with varying degrees of success. This report is concerned
with the history of the development of a full body coverage armor for mine
rlearance personnel t¢ satisfy military requirements. Discussions are con-
-~rnzd with the hazards of mine clearance, vulnerable body areas, operational
~~iepts, design, protective characteristics and fabrication of the ensemble,
wnd its evaluation. A summary of recent ermor materjal developments and
tvrical applications is included. These materials msy be applied to any
future concepts for full body armor.
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DEVELCPMENT OF ARMOR
FOR
MINE CLFARANCE PZRSONNEL

Historical Background

Prior 4o World War II, armor for mine cisaranes personnel was not
>pecificelly identified under a pariicular designaition. Armor was, however,
ased by Engineer or Picnecer trcops who clz2ared or traversed mine fields. Body
armor of that era was too bulky, tco heevy and afforded inadequate protection
against mine fragments. Head protection wes privided by a helmet; face and
eye provection was never satisfactorily ootained.

During World War I, armor was designed to protect the neck and skhouwlders,
end o visor fitted@ to the standerd helmet 4 protect the eyes ard face. These
items, used with bulky body armor, were tco heavy and restriciive to permit
general use. £Alsc used during World War I wes a slotted metal eye shiel
simiiar to +he Bskimo snow goggle. This ;XS ski<id was attached to the British-
American combat helmet of 1918 by springs( . Other eye protective devices
were suggested during World VWar I, but all were variants of the slotted ueisl
goggles. A few suggested protective goggles wiri provided as a sort of traas-
rarent glass-celiyloid laminated safety gisss. 1

The World War I armcr would, no doubt, tsave prevented many casualties
k2d it bzen used. 3Bashford Dean wrcie thet armor worn in the field during
Weorld Wer,I,was usually a commercial article purchased by the individuel
scidier. (l)
With the edvent of World War II, interest in personnel armor intensified.(Q)
It wes soon apparent to the U.S. Army Infeniry Board thet the World War I type
kelmet, originally designed tuv protect soldiers in trenches from air-burst frag-
rents, was rnot adequate for & mctile war where missiles end fragmernts could
strile from any,djrectiorn. Thus, the M-l steel helmet and M-l helmet liner
were developed {3) ana mede standard cn 9 June 194L.

Flsk a-mwor, developed and usei by the Air Force in Werld Wer II, in com-
binatior with the M-1 helmet assembly, was svaluated by the Corps of Engineers
for use by mine cleerance persomnel. The flak armor was rejected because its
clumeirness, bulkiness and excessive veight mede it lmpessible for mire clearance
Loeops ¢ eccomplish their mission.

In December 1GLh, +he Orimance Corps iritia%ed a project ‘o develop eye
jefenses against anti-psrsconnsl mires. Becmuse o2 the urgent need for this
prciection, the Offize ¢f +he Surgewn Gezeral requested that eye dufenses be
procured as soon as possiitle wikk formal raguiremznis Lo be established later.
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After many umsuccessful attempts, ,the TLSES arwored goggle vwas made
standard &s the M-l Eye Armor Coggle (4 +» This eye protective device is a
Hpdfield steel shield which ib pierced by a pattern of rarrow horizontal slits
over each eye. This shield was contaired by z rubber dust goggle frame.

With the end of Worid War II, the interest in armor decreased and its
deveiopment wes virtually halted. Im 1947, the resporsihility for the develop-
ment of perscn.ze} ermor wus transferred from the Crdnance Corps to the Quarter-
master Corps. 5 :
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Introduction
f A requirement existed in Combet Devélopment‘ Objective Guide (6) +0 pz;é,vide
armor for the protaction of mine clesrance personnel from fragments oX exploding
mines. - -
The Military Chavacteristics {7) s developed by the Continental Axmy Command
{CONARC) required that aridr for mine clearance peiscnnel provide; in addition
+o all the charscteristics attributed to the Armored Vest, the following:
1. Meximum fragme)tetion protection vossible to the body in ite entirety.
2. Compatibility with siandard combat clething.

. 3. A veight of no more thtn 20 pounds.

] L., A device {or attachment to the feet so that persnpnel could operate
over nine fields without causing the detonation of mines by distributing pres-~
sure of body weight over a large srea. s

A -review of standard and experimental jiems (in 1956) uncovered the
following compenents (Figure 1): :

1. Steel Eclmet
2. Helmet Liner
3. Armored Vest
4, Eye Armor.

that would permit troops to treverse mine fields. It consisted of a wide ped
sinilar to a bear-paw type snowshoe, worn attacked to the combat boot. As with
. +he bear-pav snowshoe, the anti-mine pads would distribute the body weight over
a large acrea thereby permitiing the user to traverse a mine field in relative
zafety. Their bulk and large size. however, interfered with the utilization
- of mine detectors. They also made it difficuli to locate and to avold srip
wires. Assuming and arising from a kneeliing and prone position were extremely
y difficuit, if not impossible, while wearing these devices.

E Records were also found of a device deveioped by the Corps of Engineers
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CONARC would not accept the devices and subsequently withdrew the require-
ment for foot protectégn from the military characteristics for armor for mine
clearance personnel and laster reinstitu&id the requirement without furnish-
ing details regarding expected performance. (2)

" The U, S. Navy also deveioped an anti-mine foot protective device T?ii
cotgear {(Fig. 2) was extensively tested by the U.S. Marine Corps. 105(11 12)
13) These evaluations indicated that the device would protect ke foot from

+the Brissence effect (blast effect) from concussion type anti-personnsl mines.

Although the footgear was not intended to defeat fragments, it was conceivable

that 1t could be constructed of armor materials, thus incorporaiing a measure

of fragmentation protection.

Personnel armor available in the supply system (Fig. 1)} for applicaticn
to the protection of mine cliearance pggggggg;ﬂgagld cover the following areas:

1. Eelmet: protects the head exclusive of the neck, face and eyes.

2. M-14 Fye Armor: protects the eyes but restricts vision.

3. Armored Yest: protects the upper torso and carotid arteries in
- the neck.

4k, Marine Corps anti-mine Sabot: protects the feet from the blast
. effects of concussion type anti-personnel mines.

At this time the task of amalyzing the mine clearance operation, the hazard,
the protection required, end integration c¢f standard items into a protective
ensenble, was initlated.

Hazards and Body Vulnerability

Before starting the design and fabrication of armor io mine clearance
personnel, conforming with the military characteristics, information was
reguired rasgarding the nature of the fragmentation hezard and its dispersion.
Aiso required was a priority listing of the vulnerable areas of the body.

)
Guidance from the Surgeon General's Office (%) conpirmed information
derived fewom 5 study of wound baiiistics data compiled in the Korean War.
(15) (16) (17) The regicnal frequency of wounds indicated thet the vulnerable

body areas require preotection in the following corder of importance regarding
. vilnersbility and letkality.

i. Torso

. 2. Head and neck
3. Abdomen and groin
h, Exiremities.
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FIG. 3 PENETRATION OF FRAGMENTS FROM A TYPICAL MI6 .
ANTI-PERSONNEL MINE THROUGH A TYPICAL 12-PLY
NYLON ARMOR PANEL.
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The Quartermaster Corpe, with the cccpersbion of the Corps of Engineers,
conducted a series of tests to determine the nature of ths hazard presexted
by exploding auti-persomnel mirnes (18) (19). These studies ectablished the
fact that exploding mines would scatter s uniform distributicn of fragmevts
ever & 2 x 6 foot target. Figurs 3 shows how maxy fragraabs of the M€ enti-
persomncl mine may be stopped by each layer of 12 piy nylen fabric armor,
Figure 4 shows a typical grouping of a fragmented Mi€ auhi-persounel mine;
thus, it was ascertained that the head azd Tace area would reguire as much
protaction as eny other part of the body. Alse eostablished wazs the number of
lgyers of zylon armor fabric which woeuwld proviie resistance to penetration of
fragments from expiloding mines. ZFigure 5 shows & reductionm of data collected
by exploding a variety of anti-persomnel mires. (18) (19) The plot is a means
of the data which considers all mines explcded, ixncluding several Rugsian
mizes, and all fragments stopped by all layers of all zylon fabric targets which
were spaced fram U feet to 32 feet from the exploding mine. The curve shows
the percentage of fragments stopped by accumidative layers of ballistie nylon
fabric. This percentage is tased upon the assumption that the first layer of
ryvlon fgbrie did not stop any fragments. Thus, if one layer did not stop any
fragments, two layers of fabric will then stop approximately 23 percent of all
freguents penetrating the first layer, aprd the third ply of nylon fabric stopped
approximgtely 10 percent of all fragments penetrating the first layer. In
reality, the prctective characteristics of the aruor are greater than indicated
by the chart because the first layer of fabric defeated an undetenainable
number of small fragments. This iaformation, except for a comcept of use,
provided the tools required to proceed with the develomment of axmor for mine
clearsnce personnel.

Operational Concepts

The weight and bulk of availablz armor materials which will provide total
protection from anti~personnel mine fragments is go grest that it would
Imnobilize an individual, even if a flexible garmeat could be fabricated.

Thus, the mine clearance armor ensemble was designed to provide maximum frag-
meatstion protection posslble in the mest vital body areas without compromising
the operationsl functionability of mine ¢learance personnel,

It must be emphasized that "msxionm protectica®, as applisd to the mine
clearance ensemble, does not mean total protecticn. Aa individual wearing the
mize clearance ensemble and operating withir four yards of a detonated frag-
meotaticn mine would prodably suffer fatal wounds. As the distance incrsases
from the fatal four-yard radius, the probability of fatal woucding or the
penetration of the armor decreases.

Because armor specifically intended for xins clsaranze psrscnnel had
mever bsen a stinderd itrm ia the Amy supply syster, doctrine or concepts
of us2 have not been developsd. As a result of experiencs gainsé in the
devzlopmesit and testing of wine clearancs cnssmble, the following recommends-
tiots are offered for consideration when formulating the logistical and use
coacept of the sxsgemble.
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‘ Armored Vest {20)
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The prime consideration in the development of the mine clearance armor
ensemble was protection without compromising operationsl efficiency. Tailore
ing, appearance and drape were secondary cousiderations. Th: ensemble was
devaloped to be a sperialized combat uniform, and it was recommended that it
be considered solely as a functional combat uniform.

Mine detectio§ equipment. is provided to trocps as a kit; it is therafore
recoumended that the mine clearance armor ensemble be furnished as a component

>i1v- {ke kit. - Because each soldier, in combat, is expected to have in his

possession a he*met end armored vest, the kit would contain supplementary armoxr

" &0 pravect th ace, neck; lower: torso and groin, end extremities. —

The entire eneemole, exclualve of the face and neck protection,. should be
worn by a1l members of the mine clearance team. The face and neck protection
d0 not have to be worn- by ~the security men, relief or reserve, and get-away

personnel,

Miné Cleavance A:morlEnsemb;e:

The mine clearance -ensemble was developed, giving consideration tc the
areas of vulnerability and weight requirements, withcut compromising ite
functionability and the protection it would provide. - In the development of
the ensemble, prime consideratior was given to the use of standard armor and

" the fecile provision for integration of future developments.

<EEQense the ar&ored vest has proved itself in bvattle, it was considered

. for use 1o pretex ot the mcet vulnerable area of the body - the torso. The

armc*ed vést then served as the basis around which other components Of the

nsemble would be developed‘ These other components would not, however, have
greater protect ive characteristics then the vest affords to the upper torso,
vwhich requires the grestest protection. Thesefgg;delines served as a-conftrol
for theé total weight of the enseibiés T

The armored vest is constructed of 12 plies of bailistic nyion fabrie,(ZI)
spct laminated with a modified phenolic resin or button stitched. Figure 5
irdicates that 12 layers of nylon cloth, which constitutes the vest, will stop
79 psrcent of all mine fragments penetrating the first layer. These data
~¢cr»elate very z2losely with perxovfinse(ig?rii% ristics of the armor as
determined during the Korean War. It is generally statel thet
tha armored vest stopped approximately 75 percent of all battlefield fragments
during the Koreen War,

Helmst

The helmet shell \22) and nylon liner (23) (2&) assemcly has slightly
rere resisSance to fragmentation pernetration than the armored vest. Therefore,

i0
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"~ it is ressonable to assum2 that the “helmet assembly will afford the zame level
of protection against mine fragmsnts as does the armcrsd vest. The helmet
shell and nylon liner assembly should stop approximately 80 percent of the
mire fragments impinging upor it.

Armored Trousers

The abdomen and coccyx, as well as the lower extremities, are protected
from fraguent penetration by trousers constructed from btallistic nylon cloth.
Because the-abdomen and coccyx -are considered to be more critical and vulnere
gble areas than the extremities, they are protscted ty 12 layers of armor

cloth, vhile the extremities-and buttocks ave coversd with b plies of myioh

cloth. Figure 5 indicates that 12.plies of ballistic nylon cloth will stop
approximately 79 percént of the mine fragments penetrating the first layer,
while the lower extrsmities and the buttocks are protected from approximately
- 50 pers,ent -of the mine fragments penetrating the first layer of febric. An
overlepping flap arrangement of ballistic fabric covering the abdomen (Pig. 6)
permits the placement of 12 plies of =ylon fabric in that area without
significant restriction of walst or hip movements.

Armored. Sleeves

To cmplanent the armored vest with protection for the upper extremitias,
sleeves vere fabricated.of 4 plies of ballistic fabric. The sleeves are
sttacked to a non-ballistic. Jerkin vhich may be worn ove~ the armored vest.
The armored sleeves will stop approﬁ.ma.tehr ‘50 percent of all fragments
‘penetrating the first :Lwer of nylon fabric. To permit the mine. clearance
persondel ‘to bare their. TS -during: a probing cperation, the sleeves were slit,
allowing them ‘to-be: folded back as showr in Mg. 7.

Ammored. Viéoi'

The - develomerxb .0f ‘head and face. protection for mine clearance perscnnel
was ‘accamplished: as a project separate from the mine clearance suit. Con-
slderation was .given to highly specialized physical, psychological, and
campatibility problems that -are present when the heal and face are enclosed.
Because.this development used rigid plastic laminated armor materials and
trsnapsrent axrmor materials, fabrizetion and exgineering techniques wers
developed simultansously with the visor.

"The halmet and liner is a basic issue to every combat scldier. Since
the gteel helmet and nylon liner assembly provides slightly more ballistic
protection than is provided by the awmored vest, it served o5 a base for the
devulopwxb for mine clearance face protection. A visor was developed to
supplement. -the Lelmet and cover the face. and neck with armor.
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ARMORED TROUSERS SHOWING THE FLAP
‘ CONFIGURATION WiTH 12 PLIES OF BAL-

LISTIC ARMOR TO COVER THE ABDOMEN
‘f AND GROIN AREA.

FIG. 7 ARMORED SLEEVES ATTACHED TO NON- BALLISTIC
JERKIN WHICH IS WORN OVER A STANDARD AR-
MORED VEST SLEEVES ARE ROLLED BACK AS IF

FOR A PROBING OPERATION.
’ 12
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The visor consists of five major components {Fig. 8).

1. Support Band: A plastic retaining device to hold the visor on the
helnat. It need not have ballistic resistant properties.

2. Mask: Rigid armo» to cover the face. It is a six-ply, laminabed
nylon stfucguie gimilar to the structure of the Liner, Soldier's Steel
Helmev. (23) {24) fThe protective characteristics of the mask are equivalent
to that of eight plies of ballistic nylon fabric (Fig. 5). It is expected
to stop approximately TO percent of all fragmenis penetrating the first layer.

3. Eye Armor: Three replaceable transparent armor plastic laminates, 0
circular front piece flanked by oval side pieces are set irbto the mask., This
arrangement provides maximux vision required for & mine cleavarce operatinz.
Figure 9 shows the area of vision available through the mine clesrance visor
as campared to the bare-headed mar. The transparent armor affords ballistic
protection equivalent of 17 layers of ballistic nylon as is showz in Figure 5.

The transparent armor is a composite system, nominally 7/16 inches thick,
canposed of poiymethyl methacrylate, polyvimyl butyral, and polyester film
bozded together in that order, with two transpsrent adhzsives. Each corponent

of the composite armor performs a specific task in the stopping of a ballistic

fragment, The kard, rigid polymethyl meihacrylate, the materisl facing the
exsvirconment, absorbs much of the energy of the initial impact. Penetiation
of the fragnent and cracking the outer surface dissipates more of the impact
energy, thus slowing down the fragment. The soft polyvinyl bubty>al interlayer
then stops the fragment., The polyester film serves to protect the soft inter-
layer from the dust and dirt. The tough polyester backing of the armor film

prevents the spall, resulting from the impacted facing, from becoming
secondary hazards (Rig. 10).

A contributing factor in the accomplishment of bellistic resistance cf
laminsted armor is "controlled delamination" of the components, that is, the
dissipation of impact energy as a result of the geparstion of ths laninae,
Tous, ik zchesive strength of the bond between the polymethyl ncthacrylete

ard the polyvinyl bubyral must be controlled. Too strong a baord wuld
reduce the tallistic limit of the -wmor.

k. Armored Bid: Flexible armor fi :ed to the frout of the mask to cover
and protect the front of the neik. It is constructed from six plies of nylon
fabric with en outer cover made of nom-ballistic waterproof neoprene-coatad,

rylon fabric. It stops upproximately 65 percent of all mine fragments pene.
srabing the first layer cf ballistic nylon fabriec.

5. Armored Shield: Flexible armor constructed similarly as thz bib and
offers the same lavel of protecticn is attached to the rear of the sapport

band with quick-release fastening devices. The shield covars and protects
the back of the n=ck,

1

0 A A R e NG e TP iR NS R i R i B s BRI

A AL




s T e e A R

"HOSIA JONVHVITI ININ ONV

LIWT3H JHL ONINVIM FTUHM ONV ...wZJwI
IVENOD 3HL ONINV3IM 3THM ‘NVN Q30%3H
-34VE 3HL OL NOISIA 3T8Y VAV 40 v3uv 6 "9id

) ,l
o 0L¢E ~~~_Ac012
q
!
_,
\ =2
]

, '

| e +—f it ;

! pXe) oo:Au om 008 oCLE09 ¢0S Ot o0E 002 / o081
i 4

H /

; /

/

| /

: !

; /

: !

: A Q)

) . \ '/

' \

: 00€ \\ N / J0S!

t 009

,F - e—e— 133N I-N o ° ,
3 OV3H 3yvY8
f WV~




b COMPOSITE PLATE USING ACRYLIC, PVB ond MYLAR

FiG. I0 TRANSPARENT ARMOR SHOWING THE EFFECT OF NON-PENE-
TRATING IMPACTS OF ITGRAIN .22 CALIBER PROJECTILES.
¢ ACRYLIC PLATE GENERATES SPALL WHEN IMPACTED AT ABOUT
1400 FEET PER SECOND.

b COMPOSITE PLATE MADE FROM ACRYLIC, FOLYVINYL BUTYRAL
AND MYLAR PLASTICS GENERATED NO SPALL WHEN IMPACTED
AT ABOUT 1475 FEET PER SECOND.
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The single size visor and its configuration is the result of a series of
compromises in which weight distribution, area of vision, environmental condi-
tions, and compatibility with mire clearance devices, armor materials and
standard clothing were considered.

Weight limitetions and the vulnerable body areas dictated the variable
protective coverage provided by the mine clearance armor ensemble. The weight
of the ensemble components is as follows:

Helmet and liner assembly 3.h 2bs
Visor 3.0
Vest 8.5
Sleeves 3.4
Trousers YR
25.7 lbs.

The total ensemble weighs approximately 25-1/2 pounds. Every combat soldier
is expected to have a helmet and armored vest in a combat zone. Thus, about 12
pounds of the mine clearance ensemble is standard issue to all combat soldie~-.
At the outset of a mine clearance operation, the mine clearance veam would be
. issued only sbout 13-1/2 pounds of additional srmor.

Compatibility

An importent ard all~-inclusive military requirement for all combut cloth-
ing and headgeer is that newly develeped materiel. must be compatible with all
standari clothing and equipment. Tc achieve this compatibility, information
was required regarding the duties, tactics, and environments to which mine
clearance personnel would he iubjected. This infOfmaEiin Ya ogt?in d by
studying training manuals \25) and training fiims (26} (27 i28 29) and
through interviews and demonstrations conducted with experienced combat
engineer officers and enlisted men.

Assault breaching is considered the most demending tactical mine clearance
operation. Thus, armor designed to be worn in essault breaching should be
suiteble for rear area mine clearance operations and other specialized demoli~
tion neuwtralizetion operations. So, the mine clearance ersemble was designed
specifically for the assault breaching.

An examination of available literature revealed no reference to
- gnvironmental limitations for mine clearance operstions. Therefore, it is
expected that mine clearance operations will be conducted in & variety of
climatic environments ranging frowm extiremely hot-wet to sub-freezing tempera-
N LUres.

To introduce a minimum of new items into the Army supply system, the mine
clearsnce ensemble was designed t¢ be worn as an outer garment over hot weather
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clothing or as a liner of the cold weather wniform. To conform with standard
camouflage practices, the outer ply of the nylon dyed Olive Green 106. The
trousers and sleeves, turned inside-out, could provide desert camouflage.

The mine clearance armor ensenble presented no sizing problems when it
was worn as un outer garment, even when it was worn inside-out. When worn
as & liner with the cold-wet uniform, a sizing study indicated that three
sizes; small, medium, 'and large, should fit 95 percent of the Army population.
The addition of an extra-small and extra-large size would not be warranted
unless the ensemble was intended for general use throughout the Army. As a
result of the sizing study, a suggested sizing tariff for the mine clearance
ensemble was recommended as followz: 30 percent small, 50 percent medium,
and 20 percent large. Thkls tariff would be applicable to both the upper and
lower torso components.

The increased weight of the mine clearunce ensemble worn in hot environ-
ments would impose a heat stress upon the troops. Because the clearance of a
mine field is a slow and deliberate operation, it was anticipated that the
additional weight and accompanying thermi%oitress would not significantly
effect the efficiency of the operation.

The movement of rolling up the sleeve of the mine clearance ensemble,
during a probing operation, can be easily accomplished under all circumstances
except when the armor is worn as a lining under cold weather gear., In +this
instance, the aperture of the standard field Jjacket sleeve would not accom-
modate the bulk of the garments which it covers. It must be noted, however,
that the aperture of the field jacket sleeve could nct be pulled over the
underwear and 0.D. shirt of the cold-wet uniform to expose the forearm even
vhen the mine clearance armor is nct worn.

Donning and doffing the trouszrs over the leather combhat boot can be
accomplished easily. But, because the insulated combat boot is consideravly
larger than the leather boot, it must be removed prior to donning or doffing
the armored trousers. Consideration was given to slitting the trousers or
enlarging them. This was rejected because the circumference of the trouser
opening was approximately the same as the thigh circumference; thus, a slit
would be required for the Tull length of the trouser leg. Making the trouser
leg larger would increase the weight and bulk of the trousers considerably.

The armored viscr provides a universal fit. The single size visor
requires no head size adjustment because it snaps onto the brim of the standard
st~¢l helmet. There is, however, a single adjustment to accommodate head length.
A tape and buckle adjustment permits the mask to move verticalily approximately
ons-half inch. A czcond snap was placed on the support band to permit the mask
~> be moved to a forward position, to accommodate the M-17 Protective Mask.
The visor will fit the 9% percentile of the Army male population. The viser
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is compatible with mine clearance equipment ard will podS interfzrs with ire
vision (Fig. 8) or hearing required to asccomplish a wine clearance cperatisn,.

The fogging of transparent armor cf the mine clearance visor is s prublem
inherent in all face and eye protective devices which encicse the fs:z. Berause
tne space ir the visor is small compared to the volume of breash exhaled, a
great quantity of saturated water vapor et body temperature will contact the
inner surface of the armor lens. This condensate, in discrete dropless, causes
a translucency vwhich iwpedes visicn. In ccld envircnments, freszing of the
droplets forme minute ice crystals which scatier light and are harder %o remcve
than the water droplets. A continuous thin-water film of uniform thickness

would be fully transparent. However, any foreign matter on the lens surface z

would prevent the formation of a uniform, conbtinucus layer of water. Treartment

of the lens surface with a wetting agent would terd o pre-ezt droplet formation. %

The use of water solubls scape and organic detergends have timited elfestivas
ness as anti-fogging agents.

Test and Evaluation

After the design had been conceived and prototypss made, the mive clearance

2 Cu

ensemble was tested, evaluated, modified and retested. Listed belcow are several
critical tests and evaluations:

1. An informal design evaluation was conducted at Fort Devens, Mass.,
ir December 1957, with officers and enlisted men of the 232nd Engirsers,
Lth Regimental Combat Team. The test was observed and evalusted by the
rerticipants, human factors engineers, and clothing design persounzl. This .
evalvation showed that there was no difficulty in donning or doffing the armor, :
and that it was compatible with the standard cold-wet uniform. The ensemble
was found to be coupatible with mine clearance equipment which consisted of &
headset, detector and power pack (Figure 13). No excessive restrictions or
encumberances were experienced in carrying out a mine clearance operaticn.
In a withdrawal action under simulated attack, the visor was removed and a
rapid evacuatior of the minefield was accomplished with no encumberances.
The visor did restrict hearing and vision, but the concensus wae that 1% woull
not reduce the efficiency of a breaching ocperstion.

PRI

2. A field test of the mine clearance armor suit was conducted by the
U.S. Army Quartermaster Field Evalustion Agercy in 1958, \31) Thic t2s%
determined that a turtleneck armored collar was not satisfactcry. With the
exception of the collar, the suit was compatible with the coli-wet umiform.
Trere was no difficulty in donning and doffing the uniform except removal or
dorring trousers over the insulated boots.

3. An engireering test cf the mine clesrancs enserhle was conducted bty

P
the .5, Army Quarter ster Fieid Evalwaticn Agency cancurrently with a
servize test in 1959 34. This test showed that mine clearsrie operations
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-~WET UNIFORM AND WITH TWO TYPES
OF MINE DETECTORS. THE INSET SHOWS THE
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can be performed satisfactorily whils wearing the ensexble (Mg. 12). Minor
difficulties experienced were attributed to weight; bull-and heat stross
imposed by the snsemble and interference with vision. Tue noted deficiencies
were corrected wherever feasible to do so, e.g., non-clastic suspenders were

provided to prevent sagging of trousers, seams were reinforced, and the visor
contour was modified.

4. An engineering test of the Marine Corps mine clearaac: footgear Yu
evaluated by the U. 8. Ammy Quartermaster Meld Evalustion Agency in 1959.(33)
This test shoved thet the footgear did not interfere with the performance of

nine clearante operations. It was recommended, however, that the footgear be

worn only by thoae personnel using the mine detector equipment in the standing
position.

5. A wound ballistics study(3*) was conducted by the Directorate of
Medical Research, USA Chemical Research and Development lsborstories in 1961
to determine if the mine clearanc: ensemble would provide protection from an
exploding anti-pergsonnel mine. The study showed that persons wearing the

uine clesrance ensemble with the Marioa Corps ssbot (footgear) will be protected

against fragmsents from the anti-per:canel mine, N-1i.
Fabrication B

Fabrication of the flexible camponents of the mine clearance armor
ensemble may be easily sccomplished by ordinary tailoring techniques.
These components are as follows:

1. BEib and shield of visor
2. Amored vest

3. Sleeves

LOR Trmers

The visor (Mg. 8), however, presented fabrication Mchn:l.ques that
encompusnd »oth desiga and eugineering problemss. The support band, a spring-
1ike device, tc hold the visor onto the halmet, is made by bonding coated or
impregnated fabric by means of high pressure laminating. The mask was made by
kigh pressure laminating coated ballistic nylon fabric, with & three-piece
all-metal mold consisting of a aplit cavity and a force plug. The material in
the eye ports wes compressed, tlhus the ports were easily pushel out of the
mask and required very little trimming.

The optical system of the visor presented the greatest fabrication problem
¢f the ensemble. Eye armor use for this ensemble consists of a three-component
laminate bonded with two different adhesives. Optical flaws resulting Jrom

iradequate fabrication techniques could meke the laminate useless as eyepieces
for mine clearancé purposes.
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Optical sberration which must be avoided is as follows:

1. Deviation of the line of sight is e shift in directioﬁ of the line of
sigb. This characteristic, when present in formed matesials, is due %o
urequal stretching of the materisls.

2. Displacement of the line of sight is a shift in posiftion o tre line
of sight. This optical eberration is a function of material thickness, irdex
of refraction, aad angle of incidence.

3. Distortion is an aberration arising from variaticns ia maguification
within a small area as a result of varied thickness and/or irregularities in
the contour of optical surfaces.,

S &éﬂﬂwﬁ‘im\W&%&%%W&W@M&Mﬁﬁ%lﬂmmﬁmmw

With the available materials, in the thickness required for effective
protection, it 1s impossible to make optically acceptable curved zye armor.
Fabrication of curved eye armor ~sould result in stretching the cuter surface
and compressing the inner surface of a laminate and would probably introduce
unever surfaces and variations in thickness. The thickness required for this
curved eye armor would make it virtually impossible to attain good binoculsr
vision without grinding; and this material. system used for tkis armor cannot

be ground. Thus, mandatory use of £lat eye armor limised the configuration
of the visor.

The transpareat armor used for this developmwent was a laminate nomiznally
7/16-inches thick which was compoesed of polymethyl methacrylate, polyvinyl
butyral and polyester film. The transperent armor is lamineted by applying
heat and pressure to the laminase bonded with transparent adhesive. The
following two technigues were successfully use¢ to fabricate transparent armer:

1. Flat bed compression molding.

§. Autoclave under pressur~ (method used for ihe manufactuve of safety
izlass).

Recent Developments of Armor Materiel

The mine clearance ensemble was developed for members of 2 team that
should, ?ur%ng an operation, meintain & minimum distance of 15 yards from each
cther. \23) New doctrine introduced in 1066 required tkat the mine clearance
team members maintain distances greater than 15 yards between themselves. The
Array t2sting of th rlon fabric against the fragmentatior effects of anti-
personnel mines (183 ?&99 indicated that the enserble would prcvide significant
protection at a distance of 4 yards from the blast center (Fig. 3). Corrent
doctrine specifies vhat a minimum distance of 25 meters (27,34 yards) Tetween
renbers of a mine clearance coperation. 35) Extrapolating from dats in Figure 3,
there weuld be a small probability of iaflicting serious irjury ¢ th:s unarmored
man 25 yards from the blast center of the MI€ anti-perscnrel wine.
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The mine clearance armor ensemble vwas only one of & series of armor clothing
and helmets beirg developed for the combat soldier. Continued research and
2cvelopment has provided new armor materials, design techniques and tools that
will serv~ to provide suitable armor for future requirements., Table X lists

typicsl epplicevions of common armor materials, their weight and lever ¢l
protection.

T'BLE I
ARMOR MATERTATS AND TYPICAL APPLICATIoNs(36) (37)
Material Applicetion géﬁ?ﬂﬁ’é Threat
Fylon fabric Vest, Helmets 7.5 - 18.6 ~z Fragments
Titanium Helmets, Vest 17.5 - 18.6 oz  High Velocity
Fragments
Kylon felt Vests 0.04- 0.9 oz Fragments
Powcarbona‘ce(38) Eyeshields 8.4 oz Fragments
Ceramic/cm?*‘-39) Vasts, leg Armor 6.5 - 9.3 1bs  Small Arms
Aluminmum Horeycomb (ko) Boots Variable Brissance
Effect

*Glass Reinforced Plastic

More efficlent armor can be designed through the use of rigid metellic
or ceramic comptnerts. To provide adequate protect!.: to the body with rigid
armor and not restrict the user's function, new concepts were required for the
design of systems that conform with the changing shapes and dimensions of tHe
noving body L '&'echniques ware developed for measuring dynsmic charges of body
dimensions.( 1) Incressed weight that accompanies increased levels of protection
would have a greater tolerance level if it was evenly distributed over the body
without arear or points of concentrated pressure. A device was developed tg 2)
plot pressure areas that azre imposed on the dynenic body by armor systeme.
with the aid of this instrument and knowledge of body dimensional changes,
armsr cen be designed so that maximum protection mzy be provided with <he
scceptable parameters of fit, comfort, weight distribution and the dynaric
response required for a designated mission.
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APPENDIX

The mine clearance ensemble has besn considered and exeminzd fcr a number
of specific applications. Socwe agencies ~onducted teste, others evaluated

-

the available data. The following is a aiscussion of several proposzi appli-
cations.

a. Fuze Handler's Protective Garment

A protective garment wes requived vt the Harry Diawnczd Cridrance Fuze
Laboratories (1960) for personrel who were to transfer sensitire fuzes from
an environmental test chamber to an armcred box for transporitatisn o the rext
test station or to a neutrslization area. Tests wers corducted to d¢vermine
the effectiveness of the material system ageinst the hazard of exploiing fuzes.

Three test panels, each made of 12 plies of baliistic uylen fabric,
backed by a soft pine wood block, were exposed to +the explosive effects of
fuzes. Panels number 1 and 2 were each tested with fuzes T9XE from a distance
of 28 and 60 inches, respectively. The first penel, 28 inchss “wcnm the fuze,
coilected 648.6 milligrams of fragments; panel ruwber 2, €0 inches from the
biast, collected 384.5 milligrams of fragmeats. Panel member 3, 26 inchas from
faze T178, collected 776.2 milligrams of fragments. Ssvea fragment: averaging
three grains each, three fragments averaging 2 greins each, ard one fragment
of 1.7 grains passed through penels 1, 2 and 3, respectively, and were
inbedded in the wooden backstop. Figurs A. shows the percentage of fragments
thet are stopped by the accumulative layers of nylon, assumirg that the first
layer had 100 percent fragment penetration. DPanel number 3 apparentiy had
been exposed to the worse conditions; its penetration resistance charac-
teristics, as shown on Figure A, are similar tc that of fabrics 2xposed ic
detcnations of anti-personnel mines shown in Filgurs 5. Thusz, extrapolatior 4o
18 layers of nylon appear to be reasonable, thersby predicting the peretratios
resistance capabillities of the transperent armor.

The Diaswond Ordnance Fuze laboratories reguired fromtal proteciic

only and suggested that the srmor material be incorporated in differently
designed garments.

t. Fire Fighter's Suit

An inguiry was meGa. oy the Safety Divector Ordmsnce Weapous Command
(1959) regarding the suitability of the enserble for protecting fivemsn who
enter into aresas that may contain a potentislly explesive elemert. Without
specific information regarding the nature of tue explosive partizles, few
conclusions car be drawn. The nylcon fabric kas a melting range in the vicinity
of 275°F. The effectiveness as ermor would be expectzd to be prolonged if it
werz wcrn under & reflective garment. The muidti-lsyers of the germszt would
also g2t s an ivsulator against heat.
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c. Demolitions Disposal

The U. S. Naval Weapons Laboratory tested the mine clearance ensemble
and recommended it favorably to the U. 8. Explosive Ordnance Disposal Facility
(1965). The U. S. Army Natick Laboratories had suspended all future work with
the ensemble, but had provided procurement information and offered technical
assistance if the U.S. Navy wished to acquire additional items. Inquiries
regarding full body armor were alsvo made by the U.S. Naval Ammunition Depot
Earle {1969).
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O 2 4 6 8 10 12 i4 16 18
LAYERS OF 140z NYLON FABRIC
(MIL-C~-12369)

v FiG. A PENETRATION OF FUZE FRAGMENTS THROUGH
BALLISTIC NYLON FABRIC LAYERS (ACCUMULA-
TIVELY). CHART ASSUME THAT THE F'RST
LAYER HAD I00% FRAGMENT PENETRATION.
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